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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method by 
which a photo-coupler capable of optically coupling optical devices 
to each other with efficiency, and has a simple construction, and is 
easily decreased in size and arrayed, and by which an ellipsoidal 
surface constructed of a part of almost an ellipsoidal sphere can 
easily manufactured with good productivity. 
SOLUTION: This photo-coupler optically couplers a 1st optical 
device 27 and a 2nd optical device 1 7 to each other by ellipsoidal 
surface mirrors 13, 15 constructed of a part of almost an ellipsoidal 
sphere. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical coupling machine characterized by having combined the 1st optical device and the 
2nd optical device optically by the ellipse ball curved-surface mirror which consisted of some ellipse 
balls mostly. 

[Claim 2] The 1st optical device and the 2nd optical device are an optical coupling machine according to 
claim 1 which is either of the optical waveguides, such as light-receiving devices, such as a photodiode 
which consisted of luminescence devices, such as a surface emission-type laser which consisted of 
semiconducting crystals, and a light emitting diode, and a semiconducting crystal, respectively, and an 
optical fiber. 

[Claim 3] The 1st optical device and the 2nd optical device turn to the direction which accomplishes an 
almost right-angled include angle, are located, and are an optical coupling machine of this include angle 
according to claim 1 or 2 with which said ellipse ball curved-surface mirror is arranged mostly in the 
center position. 

[Claim 4] The 1st optical device is an optical coupling machine according to claim 1, 2, or 3 which is the 
the optical waveguide which guides light in the direction parallel to a substrate. 

[Claim 5] Said optical waveguide is an optical coupling machine according to claim 4 which consists of 
the resin or glass formed on said substrate. 

[Claim 6] Optical waveguide is an optical coupling machine according to claim 4 which consists of an 
optical fiber arranged on said substrate. 

[Claim 7] The 2nd optical device is an optical coupling machine according to claim 4, 5, or 6 which is 
the two-dimensional optical device which emits for it light or receives the light of a in general 
perpendicular direction to said substrate. 

[Claim 8] Said ellipse ball curved- surface mirror is an optical coupling machine given in claim 4 thru/or 
any of 7 they are. [ which is the concave surface mirrors which were located near the end face of said 
optical waveguide, and were formed in said substrate by etching or imprint ] 

[Claim 9] The optical coupling machine according to claim 1, 2, or 3 with which the ellipse ball curved- 
surface mirror which consists of ellipse ball-like heights is prepared on the part of this optical device of 
the substrate with which the two-dimensional optical device which emits light or receives light is 
formed. 

[Claim 10] An optical coupling machine given in claim 1 thru/or any of 9 they are. [ by which the 
optical device of**** 1 is arranged near one focus between two foci of the ellipse ball of said ellipse 
ball curved-surface mirror, and the 2nd optical device is arranged near the focus of another side ] 
[Claim 1 1] The optical coupling machine according to claim 10 with which the two-dimensional optical 
device which emits light or receives light near one focus between two foci of the ellipse ball of said 
ellipse ball curved-surface mirror is arranged, and the end face of optical waveguide is arranged near the 
focus of another side. 

[Claim 12] An optical coupling machine given in claim 1 thru/or any of 1 1 they are. [ by which the high 
reflective film is formed in the curved surface of said ellipse ball curved-surface mirror ] 



http://www4.ipdl.ncipi.go.jp/cgi-^ 8/29/2006 



JP,2001-141965,A [CLAIMS] 



Page 2 of 3 



[Claim 13] The production approach of the process at which the ellipse ball curved surface which 
consisted of some ellipse balls mostly forms the slant face which has a predetermined include angle on 
the (a) substrate, the process which forms the mask which has opening of the shape of the shape of a 
rectangle, and an ellipse on (b) this slant face, the process which etch a substrate isotropic through (c) 
this opening, and the ellipse ball curved surface which are characterized by to be formed that it is alike. 
[Claim 14] The production approach of the optical coupling machine characterized by etching the 
substrate which forms said ellipse ball curved-surface mirror by the production approach according to 
claim 13 in the production approach of an optical coupling machine given in any [ claim 1 thru/or ] of 12 
12 they are. 

[Claim 15] The process for which the ellipse ball curved surface which consisted of some ellipse balls 
mostly prepares the substrate for plating which has (a) conductivity part at least in a part, (b) by the 
process which forms the mask which has opening on the conductive part of this substrate for plating, and 
and electroplating which used the conductive part of (c) this substrate for plating as cathode The 
production approach of the ellipse ball curved surface characterized by the process which imprints the 
configuration of a deposit to other substrates, and forming "Be alike" by using as metal mold the 
substrate for plating which has the process which forms a deposit on opening and a mask through said 
opening, and (d) this deposit. 

[Claim 16] The production approach according to claim 15 which the slant face which has a 
predetermined include angle beforehand is formed in said substrate for plating, and forms the mask 
which has opening on this slant face. 

[Claim 17] Said opening is the production approach according to claim 15 or 16 which has the shape of 
the shape of a rectangle, and an ellipse, and forms an ellipse ball-like deposit in the condition of having 
made plating liquid standing it still, in the process of the above (c). 

[Claim 18] Said opening is the production approach according to claim 15 or 16 which is a circle 
configuration and forms an ellipse ball-like deposit in the process of the above (c) by making plating 
liquid flow in the predetermined rate of flow to an one direction on opening. 

[Claim 19] The production approach of the optical coupling machine characterized by imprinting the 
configuration of said deposit formed in claim 15 thru/or any of 18 by the production approach of a 
publication at the substrate which forms said ellipse ball curved-surface mirror in the production 
approach of an optical coupling machine given in any [ claim 1 thru/or ] of 12 they are. 
[Claim 20] The production approach of the optical coupling machine characterized by forming ellipse 
ball-like heights on the substrate with which the optical device is formed by using as metal mold the 
substrate which has the crevice of the shape of an ellipse ball formed by the production approach given 
in any [ claims 13 and 15 thru/or ] of 18 they are in the production approach of an optical coupling 
machine according to claim 9. 

[Claim 21] The optical transmitter-receiver which the optical coupling machine given in any [ claim 1 
thru/or ] of 12 they are is formed in the both ends of optical waveguide, and is characterized by 
combining optically the light emitting device of a lot, a photo detector, and optical waveguide. 
[Claim 22] Optical interconnection equipment characterized by performing optical wiring in a semi- 
conductor circuit chip using an optical transmitter-receiver according to claim 21. 
[Claim 23] Optical interconnection equipment characterized by performing optical wiring of chip 
modules with which two or more mounting of the semi-conductor circuit chip was carried out using an 
optical transmitter-receiver according to claim 21. 

[Claim 24] Optical interconnection equipment characterized by performing optical wiring in the board 
on which the semi-conductor circuit chip and the chip module were mounted using an optical 
transmitter-receiver according to claim 21. 

[Claim 25] Optical interconnection equipment characterized by performing optical wiring of boards with 
which the semi-conductor circuit chip and the chip module were mounted using an optical transmitter- 
receiver according to claim 21. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optical transmitter-receiver, optical interconnection 
equipment, etc. using two-dimensional optical devices, such as a light emitting device and a photo 
detector, the optical coupling machine suitable for optical association of optical waveguide, optical 
association of optical waveguides, etc., and this. 
[0002] 

[Description of the Prior Art] In order to realize mass optical communication and a mass optical 
interconnection, two or more laser components are arranged in the shape of an array, and research which 
transmits optical information to juxtaposition is advanced. It is suitable for array-ization and the surface 
emission-type laser (VerticaCavity Surface Emitting Laser: VCSEL) attracts attention as a luminescence 
device of a low threshold. Moreover, light emitting diode is also widely used from the point of low cost. 
In order to apply such a two-dimensional optical device to the optical interconnection which connects 
between boards or between chips with light, it is necessary to carry out optical coupling of the 
waveguide and the two-dimensional optical device which transmit light, and the optical coupling 
structure where joint effectiveness is more high is demanded. 

[0003] As a means to combine the optical device (for you to be waveguides, such as a light emitting 
device, a photo detector, or an optical fiber) which performs vertical luminescence/light-receiving to a 
certain substrate, and the optical waveguide which guides light in the direction parallel to this substrate, 
the structure which forms 45 -degree mirror in ** substrate, and structure [ of preparing a diffraction 
grating which combines ** horizontal direction and a perpendicular direction in a substrate ] ** are 
known about such optical coupling structure. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in such an optical 
coupling means. 

** Since a case, for example, the light from a light emitting device, is emission light, when it combines 
with optical waveguide through 45-degree mirror as it is, it has the problem that joint effectiveness falls. 
Therefore, although it is necessary to insert the lens for condensing between a light emitting device and 
45-degree mirror, structure will become complicated in that case, moreover, in order to raise joint 
effectiveness, the type which the mirror section was incurvated and was made into cylindrical structure 
is also proposed — **** (JP,5-264870,A) — although there is a condensing operation in the direction 
perpendicular to a substrate also in this case, since there is no condensing operation horizontally, the 
decline in joint effectiveness cannot be denied. 

[0005] Moreover, since a limitation is in the diffraction efficiency of the diffraction grating which 
changes a vertical light into a horizontal light in **, it is difficult to acquire high joint effectiveness. 
Moreover, it is necessary to enlarge area at improvement in effectiveness of a diffraction grating, and a 
limitation is in a miniaturization with this structure. In addition, since the diffraction grating which 
changes a vertical emission light into a horizontal focusing light has the complicated pattern, by the 
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interference exposing method, production is difficult and special approaches, such as an electron beam 
lithography, are needed for the production. 

[0006] This invention is accomplished in view of the trouble of the above-mentioned conventional 
technique. The purpose (1) Can carry out the optical coupling of between the optical device which 
performs vertical luminescence or vertical light-receiving, the optical waveguides which perform a 
horizontal guided wave efficiently, and a configuration is simple. A miniaturization and array-ization 
effectively (2) optical-coupling machine which offers an easy optical coupling machine An usable 
optical device, (4) which offers the production approach which can produce easily (3) optical-coupling 
machine or the ellipse ball curved surface which consisted of some ellipse balls mostly which offers 
optical waveguide with sufficient productivity — the optical transmitter-receiver using such an optical 
coupling machine in which a parallel transmission is possible, and optical interconnection equipment are 
offered ~ it is especially. 
[0007] 

[Means for Solving the Problem and its Function] The optical coupling machine of this invention for 
attaining the above-mentioned purpose is characterized by having combined the 1st optical device and 
the 2nd optical device optically by the ellipse ball curved-surface mirror which consisted of some ellipse 
balls mostly. Since a horizontal direction and a perpendicular direction have a condensing operation 
since it is the ellipse spherical surface mostly, the optical coupling of between optical devices can be 
carried out efficiently and other optics, such as a lens, are not needed, a configuration is simple, and it is 
suitable also for a miniaturization and array-ization. 

[0008] Based on the above-mentioned basic configuration, the gestalt like a less or equal is possible. The 
The 1 st optical device and the 2nd optical device may be either of the optical waveguides, such as light- 
receiving devices, such as photodiodes (pin photograph DAIDO etc.) which consisted of luminescence 
devices, such as a surface emission-type laser which consisted of semiconducting crystals, and a light 
emitting diode, and a semiconducting crystal, respectively, and an optical fiber. The optical coupling of 
between these optical devices can be carried out good by the ellipse ball curved-surface mirror by this 
invention. 

[0009] The 1st optical device and the 2nd optical device turn to the direction which accomplishes an 
almost right-angled include angle, it is located, and said ellipse ball curved-surface mirror may be 
arranged at the neighborhood of a point which each optical axis intersects. By leaning suitably the major 
axis of an ellipse ball curved-surface mirror, and installing in a position, the optical coupling of between 
the optical devices arranged at such an angular relation-ship can be carried out good. Moreover, one 
optical devices may be optical waveguides (the optical waveguide which consists of the resin or glass 
formed on the substrate, optical fiber arranged on a substrate) which guide light in the direction parallel 
to a substrate. At this time, the optical device of another side may be a two-dimensional optical device 
which emits for it light or receives the light of a in general perpendicular direction to said substrate. 
Furthermore, it may be the concave surface mirror which the ellipse ball curved-surface mirror was 
located near the end face of said optical waveguide, and was formed in said substrate by etching or 
imprint in this case. 

[0010] Moreover, the gestalt with which the ellipse ball curved-surface mirror which consists of ellipse 
ball-like heights is prepared on the part of this optical device of the substrate with which the two- 
dimensional optical device which emits light or receives light is formed can also be taken. 
[001 1] In order to attain more efficient optical coupling, it is good to arrange the optical device of **** 
1 near one focus between two foci of the ellipse ball of said ellipse ball curved-surface mirror, and to 
arrange the 2nd optical device near the focus of another side. In this case, the two-dimensional optical 
device which emits light or receives light near one focus between two foci of the ellipse ball of said 
ellipse ball curved-surface mirror is arranged, and the end face of optical waveguide may be arranged 
near the focus of another side. 

[0012] In order to attain optical coupling efficient same more, it is good for the curved surface of said 
ellipse ball curved-surface mirror to form the high reflective film. 

[0013] Furthermore, it sets to the production approach of the ellipse ball curved surface of this invention 



http ://www4 . ipdl .ncipi . go jp/cgi-bin/tran_web_cgi_ej j e 



8/29/2006 



JP,2001-141965,A [DETAILED DESCRIPTION] 



Page 3 of 9 



for attaining the above-mentioned purpose. The process at which the ellipse ball curved surface which 
consisted of some ellipse balls mostly forms the slant face which has a predetermined include angle on 
the (a) substrate, (b) It is characterized by the process which forms the mask which has opening of the 
shape of the shape of a rectangle, and an ellipse on this slant face, the process which etches a substrate 
isotropic through (c) this opening, and forming "Be alike." 

[0014] The above-mentioned optical coupling machine is easily producible by etching the substrate 
which forms said ellipse ball curved-surface mirror by this production approach. 
[0015] Moreover, it sets to the production approach of the ellipse ball curved surface of this invention 
for attaining the above-mentioned purpose. The process for which the ellipse ball curved surface which 
consisted of some ellipse balls mostly prepares the substrate for plating which has (a) conductivity part 
at least in a part, (b) by the process which forms the mask which has opening on the conductive part of 
this substrate for plating, and electroplating which used the conductive part of (c) this substrate for 
plating as cathode It is characterized by the process which imprints the configuration of a deposit to 
other substrates, and forming "Be alike" by using as metal mold the substrate for plating which has the 
process which forms a deposit on opening and a mask through said opening, and (d) this deposit. 
[0016] By the production approach of this ellipse ball curved surface, if the slant face which has a 
predetermined include angle beforehand in said substrate for plating is formed and the mask which has 
opening is formed on this slant face, the ellipse ball curved surface which inclined suitably can be 
formed. 

[0017] Under the present circumstances, said opening has the shape of the shape of a rectangle, and an 
ellipse, in the process of the above (c), said opening is a circle configuration, and in the process of the 
above (c), an ellipse ball-like deposit can be formed in the condition of having made plating liquid 
standing it still, or it can form [ it can make plating liquid able to flow in the predetermined rate of flow 
to an one direction on opening, and ] an ellipse ball-like deposit. 

[0018] The above-mentioned optical coupling machine is easily producible by imprinting the 
configuration of said deposit formed in the substrate which forms said ellipse ball curved-surface mirror 
by these production approaches. 

[0019] Production of the coupler of a gestalt by which the ellipse ball curved-surface mirror which 
consists of ellipse ball-like heights is prepared on the part of this optical device of the substrate with 
which the above-mentioned two-dimensional optical device is formed can be performed by forming 
ellipse ball-like heights on the substrate with which the optical device is formed by using as metal mold 
the substrate which has the crevice of the shape of an ellipse ball formed by the above-mentioned 
production approach. 

[0020] Furthermore, the above-mentioned optical coupling machine is formed in the both ends of optical 
waveguide, and the optical transmitter-receiver of this invention for attaining the above-mentioned 
purpose is characterized by combining optically the light emitting device of a lot, a photo detector, and 
optical waveguide. 

[0021] Furthermore, the optical interconnection equipment of this invention for attaining the above- 
mentioned purpose is characterized by to perform optical wiring of boards with which optical wiring or 
semi-conductor circuit chip, and chip module in the board on which optical wiring in a semi-conductor 
circuit chip, optical wiring of chip modules with which two or more mounting of the semi-conductor 
circuit chip was carried out, the semi-conductor circuit chip, and the chip module were mounted were 
mounted using the above-mentioned optical transmitter-receiver. 

[0022] The operation principle of this invention is explained. Two foci exist in an ellipse ball, and when 
the vector to the direction of the arbitration emitted from the focus of one of these reflects on the curved 
surface of an ellipse ball, becoming the vector which surely passes along the focus of another side is 
known. That is, if a two-dimensional optical device like a surface emission-type laser is arranged and the 
end face of optical waveguide is arranged near the focus of another side near one focus between two foci 
of an ellipse ball, the emission light emitted from the two-dimensional optical device will be changed 
into the light which reflects on the curved surface of an ellipse ball and condenses toward optical 
waveguide. In this way, light is efficiently combinable. Moreover, compared with the case where 45- 
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degree mirror and a condenser lens are used, a configuration is simple and the alignment of each element 
is also easy a configuration. 

[0023] As mentioned above, in order to form an ellipse ball-like curved surface, there are an approach of 
forming an ellipse ball-like crevice on a substrate using isotropic etching, such as wet etching, the 
approach of forming ellipse ball-like heights on a substrate by the electroplating method, etc., but since 
these approaches can form much ellipse ball structures on a substrate at coincidence, array-izing is easy 
for them. Moreover, the irregularity of this structure may be reversed to another substrate as metal mold, 
and it may be made to imprint the structure formed by these approaches. When using metal mold, since 
reuse of metal mold is possible, productivity improves. 

[0024] Moreover, when two or more optical coupling machines of this invention are formed on a 
substrate, an optical coupling machine is formed in the both ends of optical waveguide, and if a light 
emitting device and a photo detector are arranged so that optical coupling may be further carried out to 
optical waveguide, the optical transmitter-receiver of a pair can be constituted. Furthermore, it is also 
possible to apply to the optical interconnection between the boards during the chip in a chip and in a 
board, and a high speed and a parallel transmission can be realized. 
[0025] 

[The gestalt of the example of invention] Hereafter, the gestalt of operation of this invention is 
explained, referring to a drawing. 

[0026] (The 1st example) The 1st example of this invention is explained using drawing 1 and drawing 
2 . Drawing 1 is the sectional view of the 1st example of the optical coupling machine by this invention, 
and drawing where drawing 2 explains the making process, in addition to a sectional view, also doubles 
a plan in drawing 2 , and it has indicated. 

[0027] In drawing 1 , the reflective film with which 1 1 consists of aluminum by which Si substrate and 
13 were prepared in the ellipse ball-like crevice, and 15 was prepared on that crevice 13, and 17 are 
optical waveguides, and this optical waveguide 17 consists of up-and-down cladding layers 19 and 23 
and an up-and-down core layer 21. Furthermore, 25 is a GaAs substrate with which the two-dimensional 
optical device is formed, and 27 is a surface emission-type laser. Moreover, 29 is adhesives on which a 
substrate 1 1 and 25 comrades are pasted up. 

[0028] The light-emitting part of a surface emission- type laser 27 and the edge (the inside of drawing 1 , 
left end) of a core layer 21 are arranged, respectively so that it may come to two foci of the partial 
ellipse ball-like crevice 13. Therefore, the light which radiated from the surface emission-type laser 27, 
and hit the ellipse ball-like crevice 13 will be changed into the light which reflects by the reflective film 
15 and condenses toward the left end of a core 21 (see the arrow head among drawing 1 ). In this way, it 
becomes possible to combine light efficiently. 

[0029] The production approach of the ellipse ball-like crevice 13 is explained using drawing 2 . The 
etching mask 101 is formed on the Si substrate 1 1 ( drawing 2 (a)), and the slant face 103 which has a 
predetermined include angle to the datum level of a substrate 1 1 by anisotropic etching is formed 
( drawin g 2 (b)). Patterning of the etching mask 101 is carried out in the direction parallel to <01 1> 
using the substrate which has a field (the above-mentioned datum plane) as this time (100) 1 1, for 
example, an Si substrate. And a slant face 103 can be made into a field (1 1 1) by using a potassium- 
hydroxide water solution as an etching reagent. In this case, the include angle of a substrate side (datum 
level) and a slant face 103 becomes 54.7 degrees. 

[0030] Next, the etching mask 105 which formed the opening 107 of the rectangle which has a 
longitudinal direction in the direction of A- A 1 in the place of a slant face 103 is formed on a slant face 
103 like drawin g 2 (c-1) and drawing 2 (c-2). 

[0031] Subsequently, it lets opening 107 pass, isotropic etching is performed using the mixed water 
solution of fluoric acid, a nitric acid, and an acetic acid, and the ellipse ball-like crevice 13 is formed 
( drawing 2 (d-1), drawing 2 (d-2)). Furthermore, the etching mask 105 is removed ( drawing 2 (e-1), 
drawing 2 (e-2)). At this time, the major axis of the formed ellipse ball (half-ellipse ball) was 50 
micrometers, and the minor axis was 25 micrometers. In this way, although the formed crevice 13 
cannot be said to be a strict ellipse ball, it serves as a configuration near an ellipse ball at extent with 
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function sufficient as an optical coupling machine of this invention. 

[0032] Furthermore, after vapor-depositing aluminum as reflective film 15 to a crevice 13, optical 
waveguide 17 is formed ( drawing 2 (f)). Optical waveguide 17 is the configuration which covered the 
surroundings of the core layer 21 which consists of polyimide resin of a high refractive index by the 
cladding layers 19 and 23 which consist of polyimide resin of a low refractive index to this core layer 
21. The cross-section configuration of a core layer 21 was made into the 4micrometerx4micrometer 
rectangle. Moreover, the end face of optical waveguide 17 is etched so that the edge of optical 
waveguide 17 may come near [ one ] the focus of the ellipse ball-like crevice 13. Since this setup can be 
compensated with the alignment of the next surface emission-type laser 27, it is good for the appearance 
described here near [ one ] the focus. 

[0033] Production of this optical waveguide 17 is performed by etching of patterning after membrane 
formation of a cladding layer 19, and membrane formation of core materials, formation (membrane 
formation and lift off of the core layer 21 after the mask formation which has a pattern are sufficient) of 
the core layer 21 by etching, membrane formation of both the sides of a core layer 21, and the upper 
cladding layer 23, and the left end section of optical waveguide 17. 

[0034] Thus, a surface emission-type laser 27 is pasted up like drawing 1 on the produced optical 
waveguide 17 and the substrate 1 1 containing a mirror 15. In order to make adhesion easy in advance of 
this adhesion, and to make the luminescence edge of a surface emission-type laser 27 easy to double 
with the focus of another side of the ellipse ball-like crevice 13, flattening processing of the front face of 
the Si substrate 1 1 is carried out. In this example, ultraviolet-rays hardenability resin is used as 
adhesives 29. 

[0035] In the configuration of drawing 1 , in order to determine the helicopter loading site of a surface 
emission-type laser 27, it is performed as follows. The optical power meter is prepared in the other end 
side which is not illustrating optical waveguide 17, it moves little by little on a substrate 1 1 in the 
condition of having made the surface emission-type laser 27 emitting light, adhesives 29 are stiffened in 
the place where the output of a power meter became max, and the laser component 27 is fixed. Thereby, 
the etching error of the end face of the above-mentioned optical waveguide 17 can be compensated. 
[0036] Moreover, as other approaches, beforehand, the alignment marker is prepared in both substrates 
1 1 and 25 so that easily [ positioning ], and alignment of the laser component 27 may be performed by 
doubling both markers. 

[0037] as mentioned above — since there is a condensing operation in all the cross sections around the 
shaft to which two foci, not only the inside of the cross section of drawing 1 but an ellipse ball, are 
connected with this example — association — while a high effectiveness optical coupling machine is 
realizable, compared with the conventional example of using a surface emission-type laser, a condenser 
lens, and 45 -degree mirror, a configuration is simple and excellent also in the miniaturization. 
[0038] In this example, although the surface emission-type laser was used as a two-dimensional optical 
device, you may be a light-receiving device like photo diode in being a light emitting diode, for 
example. Furthermore, other optical waveguide edges, such as an optical fiber, may be installed in the 
place of the luminescence part of the device 27 of drawing 1 . 

[0039] Moreover, although ultraviolet-rays hardening resin was used as adhesives, you may be heat- 
curing resin. As a substrate 1 1, a substrate may be pasted up using Si substrate with which wiring is 
given, electroconductive glue, a pewter, etc. performing adhesion and electrical installation of the 
electrode pads by the side of both substrates. 

[0040] Moreover, opening 107 may be elliptical. As optical waveguide, although constituted from 
polyimide resin, you may be glass ingredients, such as Si02 and SiNx. In addition, flexible waveguide 
like an optical fiber may be arranged so that the waveguide edge may come to one focus of an ellipse 
spherical crevice. At this time, a guide like a V groove may be prepared on a substrate 1 1 so that easily 
[ the alignment of flexible waveguide ]. 

[0041] Moreover, although the field is used as an Si substrate 1 1 (100), the include angle to the datum 
level of the substrate of a field which appears by anisotropic etching (1 1 1) is changeable by using the 
substrate of another field bearing. Moreover, as long as a smooth slant face is obtained, it is not what 
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was restricted to anisotropy wet etching, and a substrate may be etched by dry etching etc. 
[0042] Furthermore, you may be not the thing restricted to Si substrate but a quartz substrate, other glass 
substrates, etc. Although aluminum was used as reflective film 15, you may be metals, such as Au, and 
may be dielectric multilayers, such as Si/Si02, for example. 

[0043] (The 2nd example) The another production approach of the optical coupling machine of this 
invention is shown using drawing 3 and drawing 4 . In this 2nd example, it is the description to form 
ellipse ball-like heights using an electroplating method. 

[0044] First, the etching mask 201 is formed on the Si substrate 21 1 ( drawing 3 (a)), and the slant face 
203 which has a predetermined include angle to the datum level of a substrate 21 1 is formed by 
anisotropic etching ( drawing 3 (b)). Patterning of the etching mask 201 is carried out in the direction 
parallel to <01 1> using [ at this time, for example, the substrate which has a field as Si substrates 21 1 
(100), ]. And a slant face 203 can be made into a field (1 1 1) by using a potassium-hydroxide water 
solution as an etching reagent. Also in this case, the include angle of a substrate side (datum level) and a 
slant face 203 becomes 54.7 degrees. 

[0045] Next, the electrode 204 which consists of Cr/Au used as cathode like drawing 3 (c) in the case of 
electroplating is formed on the whole surface. Furthermore, as shown in drawing 3 (d-1) and drawing 3 
(d-2), the mask 205 for plating which formed the opening 207 of the rectangle which has a longitudinal 
direction in the direction of A-A' in the slant face 203 is formed on a slant face 203. 
[0046] Subsequently, this substrate with an electrode is used as a work piece, and electroplating is 
performed by using an electrode 204 as cathode using nickel plating liquid which consists of nickel 
nitrate, a nickel chloride, a way acid, and a brightener by the temperature of 50 degrees C, and cathode- 
current-density 5 A/dm2. Since nickel grows opening 207 isotropic as a core at this time, the ellipse 
ball-like heights 209 can be formed ( drawing 3 (e-1), drawing 3 (e-2)). The formed ellipse balls (half- 
ellipse ball) were the major axis of 50 micrometers, and 25 micrometers of minor axes. About the 
formation principle and strictness of these ellipse spherical heights 209, it is the same as the situation in 
the case of the ellipse spherical crevice which it is only replacing electroplating and etching stated in the 
1st example. 

[0047] An ellipse spherical crevice is formed by using as metal mold the substrate 21 1 which has these 
ellipse spherical heights 209. Drawing 4 explains the production approach. 

[0048] First, ultraviolet-rays hardening resin 312 is dropped at metal mold, the quartz substrate used as 
the support substrate 31 1 is carried on it, ultraviolet rays are irradiated, and resin 312 is hardened (refer 
to drawing ! (a).). Here, the upper and lower sides are reversed and it has drawn. If metal mold is 
exfoliated, the structures 31 1 and 312 which have the crevice 313 of the shape of an ellipse ball like 
drawing 4 (b) will be made. 

[0049] Subsequently, aluminum is vapor-deposited as reflective film 315 to a crevice 313 ( drawing 4 
(c)). Furthermore, optical waveguide 317 is formed ( drawing 4 (d)). Optical waveguide 317 is the 
configuration which covered the surroundings of the core layer 321 which consists of polyimide resin of 
a high refractive index by the cladding layers 319 and 323 which consist of BORIIMIDO resin of a low 
refractive index to this core layer 321, and made the cross section of a core layer 321 the 
4micrometerx4micrometer rectangle. This production is the same as the thing of the 1st example. It 
performs etching the left end side of optical waveguide 317 as well as the 1st example so that the edge 
of optical waveguide 317 may come to one focus of the ellipse ball-like crevice 313. 
[0050] Then, after performing flattening processing of the produced optical waveguide 317 and the 
substrate 311 containing a mirror 315 like the 1st example, two-dimensional optical devices, such as a 
surface emission-type laser, are pasted up. 

[0051] Also in this example, an optical coupling machine with high joint effectiveness is realizable like 
the 1st example. Furthermore, since the metal mold which consists of the structure of drawin g 3 (e-1) 
and drawing 3 (e-2) is reusable, its productivity of an optical coupling machine improves. 
[0052] In this example, although the heights 209 of the shape of an ellipse ball which consists of nickel 
were produced, as long as electroplating is possible for a plating ingredient, anything, it may be good, 
for example, may be alloys, such as single metals, such as Au, Pt, Cr, Cu, Ag, and Zn, or Cu-Zn, Sn-Co, 
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nickel-Fe, and Zn-nickel. Moreover, although the quartz was used as a support substrate 31 1, it may not 
be what was restricted to this, but you may be semi-conductor substrates, such as a glass substrate, Si, 
GaAs, and InP. Furthermore, the configuration of the opening 207 in the case of plating may be an 
ellipse. 

[0053] (The 3rd example) The further another production approach of the optical coupling machine of 
this invention is shown using drawing 5 and drawin g 6 . In this 3rd example, it is the description that the 
2nd example forms ellipse ball-like heights using a different electroplating method. 
[0054] First, on the Si substrate 41 1, the electrode 404 which consists of Cr/Au used as cathode in the 
case of electroplating is formed on the whole surface, the mask 405 for plating which consists of a 
photoresist is applied to the whole surface ( drawing 5 (a)), and the circular opening 407 with a diameter 
of 5 micrometers is formed at the mask 405 for plating ( drawing 5 (b)). 

[0055] Subsequently, electroplating is performed by using an electrode 404 as cathode using nickel 
plating liquid which consists of nickel nitrate, a nickel chloride, a way acid, and a brightener, using this 
substrate with an electrode as a work piece. Drawin g 7 explains the approach of electroplating. 
[0056] In drawin g 7 ,551 is an electrode by the side of an anode plate, and 553 is plating liquid. If the 
rate of flow is made to form on opening 407 by rotating a stirrer 555 to an one direction and making the 
plating liquid 553 immersed in substrates 404, 405, and 41 1 cause a flow of the fixed direction at this 
time as shown in drawing 7 , since there is more supply of a metal ion than the downstream, a growth 
rate will become [ the direction of the upstream ] quick. In this example, rotational speed of a stirrer 555 
was set to 500rpm, and has arranged the opening 407 of a substrate in the location of 1cm outside from 
the center of rotation. Moreover, temperature of plating liquid 553 was made into 50 degrees C, and 
cathode current density was made into 5 A/dm2. 

[0057] Consequently, it saw in the cross section which met in the flow direction of plating liquid 553, 
and the ellipse ball-like heights 409 which inclined toward right-hand side (upstream) like drawing 5 (d) 
through the condition of drawin g 5 (c) have been formed. It is thought that the summit section shifts to 
the upstream a little in a flow of plating liquid, and the reason such ellipse spherical heights are formed 
with the flowing plating liquid becomes an ellipse spherical approximation object the place in which 
hemispherical heights are formed with quiescence plating liquid. The ellipse ball formed at this time was 
1 5 micrometers in height in the summit section, the substrate was seen from the top and that profile was 
30 micrometers long and 40 micrometers wide. The direction of a major axis of the ellipse in this cross 
section leans to the substrate side, as the chain line of drawing 5 (d) shows through the core of opening 
407. An ellipse spherical crevice is formed by using as metal mold the substrate which has these ellipse 
spherical heights 409. 

[0058] Drawing 6 explains the production approach. First, ultraviolet-rays hardening resin 512 is 
dropped at metal mold, the quartz substrate used as the support substrate 51 1 is carried, ultraviolet rays 
are irradiated, and resin 512 is hardened (refer to drawing 6 (a).). Here, the upper and lower sides are 
reversed and it has drawn. If metal mold is exfoliated, the structures 5 1 1 and 512 which have the crevice 
5 13 of the shape of an ellipse ball like drawing 6 (b) will be made. 

[0059] Subsequently, the field which forms optical waveguide is etched and removed ( drawing 6 (c)), 
and aluminum is vapor-deposited as reflective film 515 to a crevice 513 ( drawing 6 (d)). Then, optical 
waveguide 517 is formed ( drawing 6 (e)). Optical waveguide 517 is the configuration which covered 
the surroundings of the core layer 521 which consists of polyimide resin of a high refractive index by the 
the cladding layers 519 and 523 which consist of polyimide resin of a low refractive index to this core 
layer 521, and made the cross section of a core layer 521 the 4micrometerx4micrometer rectangle. Here, 
the left end side of optical waveguide 517 is etched so that the edge of optical waveguide 517 may come 
to one focus of the ellipse ball-like crevice 513. 

[0060] Then, after performing flattening processing of the produced optical waveguide 517 and the 
substrate 511 containing a mirror 515 like the 1st example, two-dimensional optical devices, such as a 
surface emission-type laser, are pasted up. 

[0061] Also in this example, an optical coupling machine with high joint effectiveness is realizable like 
the 1st example. Furthermore, since the metal mold which consists of the structure of drawing 5 (d) is 
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reusable, while its productivity improves, since the process for forming a slant face in a substrate 

becomes unnecessary compared with the 2nd example, production becomes easy. 

[0062] Also in this example, although the heights of the shape of an ellipse ball which consists of nickel 

were produced, as long as electroplating is possible, anything, it may be good, for example, you may be 

alloys, such as single metals, such as Au, Pt, Cr, Cu, Ag, and Zn, or Cu-Zn, Sn-Co, nickel-Fe, and Zn- 

nickel. 

[0063] By the way, in the 1st thru/or the 3rd example, although the ellipse ball-like curved surface was 
produced by etching or electroplating, even if it uses the other approaches, for example, the physical 
processing means by general laser beam machining, it may be produced. 

[0064] (The 4th example) Next, another example of the optical coupling machine of this invention is 
shown using drawing 8 . Most structures of this 4th example are the same as the 1st example, and 
detailed explanation of a common part is omitted. The same number is attached to the same part as 
drawing 1 in drawing 8 . 

[0065] In this example, it has the configuration where the core layer 621 of a high refractive index is 
covered round with the cladding layer 619 of a low refractive index, and the left end section of a core 
layer 621 is located in one focus of the ellipse ball-like crevice 13, in addition the ellipse ball-like 
crevice 13 is also embedded by the cladding layer 619. In this example, since the process of etching 
finally and making it expose becomes unnecessary compared with the method of forming the optical 
waveguide 17 in the 1st example so that the edge of optical waveguide 617 may come to one focus of 
the ellipse ball-like crevice 13 mostly, the part and a process can be simplified. 

[0066] (The 5th example) The 5th example by this invention is explained using drawing 9 . The optical 
coupling machine consists of this examples by imprinting ellipse ball-like heights on the substrate in 
which the two-dimensional optical device was formed, by using as metal mold the substrate which has 
the crevice of the shape of an ellipse ball produced in the above-mentioned example. 
[0067] In drawing 9 ,701 is a GaAs substrate and 703 is the surface emission- type laser formed in the 
substrate 701. The heights 713 of the shape of an ellipse ball which consists of ultraviolet-rays 
hardening resin are formed on a substrate 701 by using as metal mold the substrate which has the crevice 
of the shape of an ellipse ball produced in the above-mentioned example. 
[0068] Furthermore, the reflective film 715 which consists of aluminum is formed so that the 
predetermined field of heights 713 may be covered, and the optical waveguide 717 which surrounded 
the core layer 721 of a high refractive index by the cladding layers 719 and 723 of a low refractive index 
is formed. In order to suppress reflection by the interface of the ellipse spherical heights 713 and a core 
layer 721 at this time, as for the ellipse spherical heights 713 and a core layer 721, having stuck without 
a clearance is desirable. 

[0069] Also in this example, since the light from a surface emission-type laser 703 is changed into the 
light which reflects by the reflective film 715 and condenses toward the edge of the core layer 721 of 
optical waveguide 717, optical coupling can be performed efficiently. Of course, photo detectors, such 
as light emitting diode and photo diode, and the edge of other photoconductive wave means may be 
installed instead of a surface emission-type laser. 

[0070] (The 6th example) According to this invention, since a large number (plurality) formation of the 
crevice (or heights) of the shape of an ellipse ball of the same configuration can be carried out on the 
same substrate at coincidence, it is possible to form two or more optical coupling machines on a 
substrate. 

[0071] It considers as the example using [ two or more ] the optical coupling machine by this invention, 
and the example applied to the optical transmitter-receiver is shown. In the 6th example of drawing 10 , 
the photo diode with which the support substrate with which 801 consisted of Si etc., the optical 
coupling machine with which 803 and 805 were formed in the substrate 801, the surface emission-type 
laser by which optical waveguide and 809 were formed in the GaAs substrate, and 811 was formed in 
the substrate 809 for 807, and 813 were formed in Si substrate, and 815 was formed in the substrate 813, 
and 817 are adhesives. The production approach is as the 1st thru/or the 3rd example having shown. 
[0072] The light from a surface emission-type laser 81 1 is combined with optical waveguide 807 
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through the optical coupling machine 803. And optical waveguide 807 is guided and light is received 
with photo diode 815 through the optical coupling machine 805. Since it is efficient, the joint 
effectiveness of the optical coupling machine by this invention is made to make optical connection of a 
surface emission-type laser 811 and the photo diode 815 efficiently, as explained until now. 
[0073] What is necessary is not to be what was restricted to this, and for the wavelength of the light to 
be used to respond and just to choose the combination of optimal photogenic organ/electric eye in this 
example, although the example of the surface emission-type laser on a GaAs substrate and the photo 
diode on Si substrate was shown. 

[0074] (The 7th example) It considers as the case where two or more optical coupling machines by this 
invention are used, and the example applied to optical interconnection equipment is shown. 
[0075] In the 7th example of drawing 1 1 ,901 is the substrate with which two or more formation of 
optical waveguide 905 and the optical coupling machine 903 was carried out, 91 la, 91 lb, 91 1c, and 
91 Id are LSI chips, and the electronic circuitry, the two-dimensional luminescence device, the two- 
dimensional light-receiving device, etc. are unified in this. Actuation is as the old example having 
described. The compact optical interconnection equipment which a luminescence device, a light- 
receiving device, an electronic circuitry, an optical coupling machine, and optical waveguide unified is 
realizable with this example. 

[0076] In this example, although the example of optical wiring during a chip was shown, you may apply 
to optical wiring in the board on which optical wiring, and the chip and chip module in a chip were 
mounted, and optical wiring of boards with which the chip and the chip module were mounted. In this 
case, what is necessary is for optical waveguide just to consist of flexible waveguides, such as an optical 
fiber, if needed. 
[0077] 

[Effect of the Invention] As explained above, according to this invention, there is the following 
effectiveness. 

(1) The optical waveguide which performs the optical device which performs vertical luminescence or 
vertical light-receiving mostly, and a horizontal guided wave is efficiently combinable, and a 
configuration is simple and can offer an optical coupling machine with easy miniaturization and array- 
izing. 

(2) An usable optical device and optical waveguide can be effectively offered for an optical coupling 
machine. 

(3) The production means which can produce an optical coupling machine with sufficient productivity 
easily can be offered. 

(4) The optical transmitter-receiver using such an optical coupling machine in which a parallel 
transmission is possible, optical interconnection equipment, etc. can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



[Drawing 8] 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 9] 




[Drawing 4] 
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[Drawing 10] 
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[Drawing 11] 
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fEffiRSfcttffiS: 7-OttHS©2o»Mon, 
<DMj&<n&mz\z%$ i oltT 1 '^ xtf&MZti, fk£© 
«L&©i£fgtcfg2©ftx/M*;4SiaS£;ft/0>S©;4S& 
v„ :rof^, BulEffiRifclftE? 7-©ffiRJN<©2o<D 
£%,&© 5 *>, — ^©^©iSISfc^Tt&St^ttSft-t-S 

[0 0 12] mix, J:D»*©ftv^ilS'd-Sra*-*-S 

£*tS©#&v\, 
[0 0 13] It, ±IEBW 

«»i$tifc1«R^ftffi^, (a) *t6±fcBrJfc©*iSSr 
*ri-S*fffi«:^i-SXS, (b) KftBi±K:ft#aMfc 
fcS W4fflR:|£©M PSBSr^-TS-v* * £^f£-TSI 
S, (c) KMPWSriBD-CSSSrtSE^tt^y^v^ 

tarn fcior^^^sr t^r^mii-Sc 

[0 0 14] «Tffi«fn«ftffiS?-Sr?gBR-r5*SSr, 
[0 0 15] ±«BI»fir*j«-r5fc«>©*«W«> 

mn&im<oftW5mz-it3^x^ mtmnn^—ux 
t-as(wW-r«./->^fflS«^ffl«-rsxs, (b) « 
wm-rzT-m, (c) R*y*fflx«©*«tt«a-$rBt 

flit Ufc®m^ y^fcJ:5, itfrfeM a SB TUn 35 
*iJ:W^^^±K:^y*JBSr»«i-'5ia, (d) tt* 

y «r<E9i-5 IS, l:J:otf^Jii5r 

[0016] r <7)ffiR^ftffi(Of^lS*)fe-C(4, fitrfE^ y 

[0 0 17] ~©|^ ffilEWn 5^141* 
RttT'fctJ, jWIE (c) ©IgfCio^T, yt-yZ-WiZft 

^PSPfiR^-t?&0, BufB (c) ©Ig{£*5^T\ y 

y * m & bb p as ±x—% n \zm &<r>m m\z. x$m s -e-r 

[0 0 18] mmmm^m^^-^m^-r^mm^, 
zti<b<Dft®2imz£<?xMf$.ztiitmm* 



6 

So 

[0 0 19] ±j£©ffiM3te7*'W*#^££ixTV'>S£ 

R«*ffi5 7-^|S(tf>ixTV^5^ffi»^SW^ 
14, ±»©^»*Scl!:J:o-t»*StLfc«n*RO|H]«i5 

So 

[0020] it % ±iaew5ra^-fsfcfe<7)*^^cD 

[0 0 2 1] Hf~, ±IEB fc«>©#3&l?»!© 

^IhISS^ y T'fc 4 If?- y 7 s * &a.—A'#9tm $ ftfetf 

^-/l^^llStLfctf- KIBI±«>JtBI»SrfT* 5 r. t 

[0 0 2 2] *«W©^JStaSrttWi-5. flIHBJtfctt 
2o©M*#ftL, *©— #©fs&;o»f>S8*e>;ft,Ste 
Ic©*^©^? h/uaSfl|R3^©ftffit?SltLfc»'g-, 
^^©f^SriiS^ hfrbteZZtifitobtlX^ 
So i-4to*>, 4#R«©2o©;i£,&©5*>, -1j<OMM. 

*E«U <&#©»,£©;£$(' , fl&i£%*ttJfta>ttiE 

^•*tr*5 cit*STf#s„ ^fc, 4 5° $9-tmyt^ 

[0 0 2 3] ±i£Lfc*D<. «fn*R©ftBSr3gdti-5 

*s*>5*«, riife©*ft(4, *«±{-P^l'#^:©1fR 
^ ti ib ©^-ffi-CJg^ $ tiltffii&Z&M t LTS"J©S«(c: 

-rs„ 

[0024] Sfc, **WO*«S^«SrS«±K:*W» 
*^5riaB-rtH4, -»©3tai2fS»«aJfl|«"C#S. 
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[0 0 2 5] 

[oo26] (^i mmm) mi , hi 2 zm^xxmrn 

m<Dm 1 mmmnmmm. 0 2 %kxM*m.wir 
50-C-&9, m2(cjov^T(i, mmmz.Mz-x±mmh 

[0 0 2 7] HlfCjol^-C, UttSlSS, 13l*f& 
R£)c#t£>[U]g|$, 1 5 ItZtDWU 1 3 ±fcRtt fetbfcA 1 

1 7 (±±TW^ 7 y KJ1 1 9 , 2 3 t =>7B 2 1 d»P>^ 
ot^5, KM, 2 5 ttESlJt^-f 7.#ffM£*vC^ 
SGaAslfi-efet), 2 7^Bi5S3tW— !f-Cfe5o * 
fc, 2 9 «S« 11,25 ^±^lff5Sf»-!?fc 

■So 

[0 0 2 8] BIBftU— ^2 7£>3g3tgMb*«fcUS=i7Jf 2 

fctfoT, ®*3tW— tf 2 7 >6» fettle L-C«n««05|Hl 
681 3KSfcofc3fett, gWKl5T?S»Ltn7 2 1 

[00 2 9] ft Hiftttiopatt 1 3 Of^»*«feKoVNTH 

2 Srffl^Ttfcl^-fSo S ilfil Utxyfy^v^ 
M01 £J£j&L (02(a))), Jfcfrttaiy^Vy* 
KJ:0*Kl 10**ffi(C>Pj-LTBlf^O«S**-r5^ 
El0 35:Mt5 (0 2 (b) ) „ Mi«S 
ilSlltLT (10 0) S (±|BS*®) S:!foS 

x.s/^v^-v^^ 1 0 1 Sr< 0 1 1 >KW 
^*|6]('^^-->-y*L-C*3< 0 -t L"t, lyfy^* 

103* (111) ® 1 1"3 5c 

S«iS (S9Bd) ir#4Sl 0 3co^fti±5 4. 7° fcfc 

5, 

[00 3 0] 02 (c-1) , 02 (c-2) O 

*ffil0 3±}£, A- A' *-[6](C*^#|pj£f? 
og^rolfipgBl 0 7££fffil 0 3<D0f{Cta;ftfc3iy 
1 0 5*»*t5. 
[00 3 1] fcvvt?, HBngBl 0 7SriiLT, JMt ffi 

v\ «fn*tt©DJ]»l 3 4r»*-t5 (0 2 (d-i) , 
H2 (d-2) ) „ iyfy^v^^i0 5?; 

3 (02 (e-1) , 02 (e-2) ) 0 
^, JI&SSftfcffiH* i&tmm <D&'&i*5 0 urn, 
*HU*2 5 jtm-Cfcofco £ 5 LT^^tLfcIMlSBl 3 



5 

[0 0 3 2] £ <bK, Qflttl 3fcR*M)tl 5 t LXA 1 
fcJS* Lfc«fc, Jt^jKBS 1 7 5 (0 2 

( f ) ) . 3t^»SS 1 7 tt, *JB*r*©# ]) 4 5 K«M 
*^!iS = 7@2 KClHliJSr, ^3712 1 Utfi 
mtfim<D# V 4 5 K»*a»fe*6^ 5 y Kg 1 9 , 2 3 
T*aofc#figT*fo-5„ =712 10»fS^tt4 n mX 
4)»mOJB»tlfc. *)fc, IW*«0|!M1I13 0-* 

©«^i£«K36»«IS l 7©«*s*S±5i;:, 
io «iw-t'2 7©fit^MtifiTS5<Dt, rrt 

[0 0 3 3] ^03t*«*l 7©fERH\ mx.it. 9 7 
yKJH9©riW, 37«WMffl/^--y^i 
1^^.1:5 = 712 1©^ (^^->-Sr*-f-S 

■7^^Mt©=7i2 1 ©fiEiKa.u 5 y 7 h*7fti 

H , 3 TJf 2 1 OjSjUt t ±^<o y 7 y KJ1 2 3 

-So 

[0 0 3 4] £©«fcft3RLfc#i*«ttl 7, 5 7-1 
20 5&-g*pS«l l.tKffil&ftV'— if 2 7«:01©±5K: 

SI83teU— U*2 7«0*3t«SSr*»RJ*«a»D!]gpi 3 ©fifi,^ 
©«l^^te*^<'f •5fc*(c, s i l l ©jSffite 

[0 0 3 5] 01 ©flljfcfc&^T, IMl^-f2 7ffl 

»^gS 1 7 ©0^LTVN^V^ffiffliJtC3t^!7-y ft 
K»tT*J*» 2 7 

30 l l±T^L-fo^«)L, /<I7— ^©UJ*iflS**K 

*H^-r^o rixfcitj, ±B**«IS l 7 ©*ffi©3; 
y^^y*P^*««t?#5„ 

[0 0 3 6] IWjffitLTIJ, f»f4fftli)# 

SSS*J: 5i-T7-Y^ >- h-^-* ^M*- ©S« l i , 2 

^2 7 roteB-&frl££fT&oTfcJ;t\ 
[0 0 3 7] m±©i 5 {C, ^HJS^J-Cfi, 0 1 ©Sfffi 
rt^RSfe-f, ♦gR3*©2o<D^Sr^«iWjl9©^Wf 

[0 0 3 8] ffiajt^^-T ^ t ltbh 

JUcHt, Jt7r-1'^'5cif©ffliro^jg[K«8S-0l© 
[0 0 3 9] S*^Jt LT^i»®{t»J!gSrfflV> 
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[0 0 4 0] MngBl 0 7ttffiHfttt&ott 

as, Sio 2 , s i n ^(Djf^xttnx-hiXti. 

[0 04 1] SilSlliLT dOO) 

ttxyfy^fciotans (111) ffioatgros* 

[0 0 4 2] Mf-, S i S«(CPSofctCDT*f4^< , ^ 
^S-«^rofl&<0^7^S«^ift?S>oTfc«t^ <> Sit 
Kl5t LTJ4A 1 Zm^lZAK MZ.t£. Aui^ 
JS-efcoT<b4< , Si/Si0 2 4if©iH*: 

[0 0 4 3] (»2*ltW H3, B4SrfflV>-C*38W 

[0044] Sf, S il«2 1 Utxyfy^ 
^201*^U (03 (a) ) , R^rttaiy^V^IC 
4 9, S«2 1 lroXiMafcttLTBrfc©****-*-* 
Mil 2 0 3 (E3 (b) ) o rront, tfijx. 

(4, SiSl2lltLT (10 0) 
i/\ ^ y =5- y 2 0 1 £< 0 1 1 X'Wft^lS] 

*»{b#y ^A*^ffi$rfflVN6r ticitj, J&E2 0 3 
£(111) Itt5ri^*5. rci^t,, sts 
ffi (SJpffi) i:^4E2 0 3co^g(45 4. 7° ir&S, 
[0 0 4 5] HI 3 (c) tf>4.5t-, mM.*y*<fi> 

%h\zfeMht£Z>C r / Au1)>b*£Z>W&2 0 4 5r^ffi{c 
J&flg-rSo £ktC, 13 (d-1) , 113 (d-2) IC 
S«taK:, OT2 0 3±t, A- A' jsmz&ttfa* 
&^&jjM<DfflnU2 0 7lr*H2 0 3\mrttc* 
m-?X? 2 0 5 ZMlfctZo 

[00 4 6] *vve. rcti##SS?r7-^iu 
«ffi2 0 4£Hffii LT, ttft=y*7K mt-ytr 
/K «5», *W?RI*»e)*SN i ^ y**SrfflV^T, fi 
S5 0'C, 5 A / d m 2 f Ig^ 

&5„ -<£>B#, N i f4»qft2 0 7&*<fri LTtfcfrft 

»nsfcR«>fi«2 0 9Sr»ja-et6 



70 

(13 (e-1) , |3 (e-2) ),' JBjfcSftfctllH 
3* (¥4&RSfc) l«85 0^m, IS2 5^mffco 
fc„ r.©«H#*tia«2 0 9®MIli«JCo^ 

5. 

[004 7] n (D+SR^figC 2 0 9 4r^rf-*X« 2 1 

&Sr|g4t?lftW-r5. 
io [004 8] £-f , gSMfHRfldtflfi 3 1 2 5r^M(C}gT 

u ; eo±^s«pSS3 1 1 t4*^as««r**» * 

^l»*BH»U-C«HIB3 1 2&mit-rZ (B4 (a) # 
flB. r~Ti4±T?r®iELT»^-tfc5) o 
•f-St, 114 (b) ©J:54«H«tt©l!fl»3 1 3 4:* 
1-5*3t*3 11,31 2d5T-#?)o 
[0 0 4 9] &^T\ DDSP 3 1 3t::£#tflg3 15iLT 
A 1 (B4 (c) ) . MIC MSK3 1 7 

Sr^fiK-t-S (H4 (d) ) . %*&B3 l 7(4, ffiJBSf 
*©#y-f $ Ktt^f>45 37i3 2 lroEt) 4, 
20 3713 2 lte*tL-CffiJ!J>f*©#!M 5 K»|g*»e>4 
KJS3 1 9, 3 2 3-^SofcMt*)!). =7 
i3 2 1©lIlj;4 w mX4tfm©WtLfc„ r<Df£ 

3 1 3<D-jj<K>%kmc*m$Lt&3 1 7<£>«a5j|?5 4.5t~ 

%.m&1&3 i rrotSffi^xyfy^tswt), mi* 
[0 0 5 0] :©t, H©»Jt^Sc t f^SfLfc 

3fe*«B3 17, 5 7-3 15^tfS«3 11©TO 

[o o 5 i] *jii6«fc*jv^t, minmmmtm 

3 (e-l) , H3 (e-2) ©*3t#d»e>fc*£S! 

(4, »*ijffl^rtg-e*>5fc*, 3t»^«<o*«tt*w±r 

[0 0 5 2] ^HJSWcfc^-t, N i *>e>Jfc5*»R3«« 
(Ofi^2 0 9 SrfRRbfciP» * y i/^^ 
W^Tfctbtf^t «t<, «sj^.(4, Au, Pt, Cr, 
Cu, Ag, ZnlfcD^Jg, fc5Vf4Cu-Z n, S 
40 n— Co,Ni— Fe, Z n-N i f ©^■pjbott 
4V\ *fc, S«f»«3 1 1 t \,Xtt*m^1t#* r 
ilfcRofct©T?r±ft<, #7^S«Si, G a A 

=¥©g55W|SPgp2 0 7ro^f4ffiR-Cfco-Ct> 

[0053] m3mmm) m5, ®6&%\,*x*mm 

[0 0 5 4] *-f, S i S«4 1 l±{c, y*<D 
so BgKB«4:46C r/Au*»6>«5flW4 0 4!fMC 
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^ffii-ffrffit (05 (a) ) , ^*ffl^N0 5ll 
lt&5 /xmWR^BSPglU 0 7£|£tt5 (05 
(b) ) . 

[0055] #c^T\ ;r<7>m«f+f S«£*7-?t l 
T, ii4 0 4 5rHI l !:Lt, aisy^, *fl2=y 

So 

[0 0 5 6] 07f;i:}ot^T, 5 5 1 teBMIflKDlSffi, 5 
5 3ttp< s/drJS-Cfc^o ~<7>B$, El 7 £f£ 

4 0 4, 4 0 5, 4 11igiUfc^y#»i5 53(C 1 

5 5 5^-*(6](c:[lteL.T— ^[pJWSEttS: 
fid £-£5- if, HP|»4 0 7±tcSftiSSr»fig$-ti:t: 

5 5 5 (OlUtejggtt 5 OOrpmiU &K0>Mnft4 

o 7 zmmtpt-xio i cm?m©fficEttfc„ * 

fc, p< s/dr^5 5 3(7)®aSr5 or, |gtl«*a&&&5 
A/ dm 2 t Ltc a 

[0 0 5 7] trojsSS, ^y*«5 5 3 0>3Mk#fflK& 
ofc0!/TffiT*jLT, 0 5 (c) <75:tKjS£i&T0 5 (d) CD 
ZoKfiW (±«{«) l'fflofctin*tt©fl«li4 0 9S: 

J* Six 5 ^ y **©«E»-CBi±(R5*J:««{j:* 

wtf&ztitctfmmti, m±MX'mz 1 5 w mt»*o, s 

SM^It, ^rcD||$I5iii^3 0 Mm, «40^mf 

0 7<o4 , 'L>SriioTH5 (d) ©«ttg-r?^-tiaiK«IKffi 
(c*f Ltft^t^S. CCOfllRBfclKr&fflU 0 9^3fr-T-5 

[0 0 5 8] *©f^«*jSfeSrH6-CKWi-5. *T, « 
*MftflMfc«M& 5 1 2«r£MK:«TU £ft£$5 1 l t 
*5^***S:«*, mfiVm&MM\,Xmffi5 1 2£$g 
( (0 6 (a) #fis„ rrT?fi±T^»tetTJS 
i^TfcS) . &M*M&~tZk, 0 6 (b) © J: 5**11 
R*tt©DD*B5^tl 3^*-T5«itfr5 11, 5 12#f 

#5o 

[0 0 5 9] &^T\ *«SK*»fiM-4i**is'f 
^LTgfticl, (06 (c) ) , IBSI55 1 3(CS#t^5 

1 5 t LTA 1 Sr3«5#i-S (06(d)), r^T, * 
®&8S5 1 7«rJBriM-5 (06 (e) ) „ X»ftR5 1 
7(4, iSIKr^H 5 Wffi^b45 3 7l5 2 1 
tO|5] , 9£, 2 l{C»LT<Sffl5f*©!Ky-r 5 
KSMBa»&46* 7?K15 1 9, 5 2 3 

T'feO, 37f5 2 10BfIIJ4(imX4|im©«fi 
Lfc 0 r^-Ct, ttn«^ODI]A5 1 3©-#0>«jftfc 
Jt*^?§5 1 7©»*S3fe5J;5lC, 3t3T«E8S5 1 7©t 



(7) 

[0 0 6 0] miolHfeM^iiW^ fERbfc 

ftmm® 517, 59-515 Sr^ tr*« 5 11 ©¥fi 

ftte3a«rff*ofc«fc, a^u—^offis^^-Y 
[0061] ^HiMuijo^-tk, s& i t m 

5 (d) ©*5g{fo9»&*5&S!tt, WftlfflTOB-C&Sfc 

io StK^ffi4-^-t-5fcJ6<Z>yn-fe^^Si*5W-C 
ft*aMM*K:*5. ' 
[0 0 6 21 *3IJfi«fc*JV^t» Nid»fe**t*H* 

*>.£<, 0IJx.(4, Au, Pt, Cr, Cu, Ag, Zn 
^©1£&JR, *>5W4C u-Z n, Sn-Co, Ni- 
Fe, Zn-Ni«f©^ffeotUK 
[0 0 6 3] *l^S*3©Hlt«ti3V^T 

[0 06 4] «B4Mfi«) Rfc, H8SrfflV^**W 

t°mi<r>mmmkmmxtb<o, xmi-zuftanL^®, 
wtemmirz> c 08ic*3v>r, 01 km—<»Mft\a*ffl 

[0 0 6 5] ^SUS^lTtt, i*H*f*©3Tjl6 2 1 # 
fiai»f*©^7y KB 6 1 9(iCS 0 tSt>ix-Cfc 9 , 

=71621 <7>te{^mmpi^<Dwn 1 3 ©—#©«* 

30 ^(wfifiLTtJt), inx.T, *»R^WDflg|51 3 i>*7 
s> KB 6 1 9^iife&£;ft/r^5«J&£ ; rt--5. 
«ajT-(4, m©^Wc*5tt5ftj»8ES§l 7©«{!iSC 
Jt-<, 3fc2|8t8g6 1 7 OSBgP^tSR^roiigSB 1 3©- 

BHfcTf* So 

[0066] msnmm i9^iv^ 
ss5ro*jg^j$rtft^-t-s„ ^mmmxit, ±iELfcn 
is 0fj ( c *j v % r f^at $ ^ w r *r © [a ffi * irt 5 a *s & 

40 MtU > ffiM^7 f ^'1'^Sr^U7 v cS«±{ctlR^ 

[0 0 6 7] 09 ^rjo^^T, 7 0 1 I4G a A s £«t?*> 
19, 7 0 3tt*«7 0 1K»*S*LfcB**U— !f-Cfc 

tSISMStLT, ^i»S!^t»flg^e>*5+»R« 
^©flgC 7 13 7 0 1 ±Kl«Ai-S. 

[0 0 6 8] £<bl£, fift7 1 3©gfje«**r«5 ±5 
CA 1 ^6*5S*tK7 1 5 fcjftKU iffifflff^roaT 
so 17 2 1 Sri£JB*f*©^9s' K®7 1 9, 7 2 3tm 
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713t3TI721 ©#ffiT-©K#£r«l;L S&f;:, ff? 
R«^Cilfl5 7 13i37l72 mB£P ( a&<&#L-t^ 

[0 0 6 9] ^ittfiJiriol^Tt, ElSftU— tf70 3 
^^W*(4S»a7 1 5T'S#tL"Ot^SS7 1 7©=< 
717 2 l©*^(CfioT«ftr5ftf-»&£;ixS© 

t\ £<ytm&z ft ft o r £a5-c#5o t>*>6A/, 

[00 7 0] me MMM) ±*ttf, H«<©J8 

Sr*«±fc*»K»t 5 r *5 nrfgT-fcS. 
[0 0 7 U **9Jfc J: 5 

JSWcfc^T, 8 0 1ttSi t£i!-emf8.£tVti3£&& 
«, 8 0 3, 8 0 5 8 0 1 (C^fig^tlfc*^ 

32, 8 0 7 tt** 8 0 9liGaAsI«, 811 

(4S*8 0 9K^/&£*lfcB53&3teV— 8 13ttSi 
Sffi, 8 1 5liS«8 1 3 h^W*- 
K, 8 1 7 f^«3Wfe«» «1MI 3 

(Dmrnfflx-TnLtzmy x+hz 0 

[0 0 7 2] B**l — • If 8 1 ia»&©#Ht#|g-&»8 
0 3^brjfe^fegS8 0 7tC^-a-$tb5o Lt, Jt 

^^--K8 1 5T'S*$ixS„ rh*TJRHLfcJ:3 

ffi383fcw~if 8 lit* hy-T*- K8 1 5ii$^ 
J: bftS. 

[0 0 7 3] *IWIf(i, G a A s g«±©E3§#; U 
-IF, S i*«±OJhh^>r*-K«)«l*:*Ufc^ r 

[0 0 74] (*7**«) **W»cJ:*3tilS^-*4r* 

[0 0 7 5] Hi 1 W^7HJ£«NUC*5V>r, 9 0 1 f±3t 
^»SS9 0 5*Jit>*Jtfe-g-^9 o 3*s*«jgj«snfc3£ 
Itfc 9 , 911a, 911b, 911c, 911dtt 

[0 0 7 6] f-y^BJ©3tEilSl<0flfi|Sr* 



i4 

fflLTfcJ:^. r©4§3\ ^giOfcCT, 3t«KSS5r% 
[0 0 7 7] 

(1) mzmm35fa<r>&fth%^\&&%%'fit£oyb7 : ''<- 

(2) 3fc»^»&»*Wfc«;s^ffifc3te7^f*, ft* 

(3) ftfe-a-SI*, MI4J;<ffKt#5^ 
#S 5 r. t # f* f 5o 

(4) 

20 [an i©*««fc^-r»f 

ffiHo 

[H2] Bll©JBl©**«©ff»xeSrlllWi-SH. 
[@3] **WKlJ:5*IS^-*©J|S2(0*16«fcSsrt5 
«fPiS|t*|HI«S:f^»-*-5*©^l!©f^»xa«r*i-H. 
[H4] H4©Aa*fflV^*2©**«Srf^«-r*fP 

[H5] *»WfcJ:53tlg'&««)*3©|llfi«l!:*j»tS 

[16] H5c7)^M^ffiV^T»3©*JS0iJ^^«1-5f^ 

[17] H5©^a©f^f(xa-cfflv^fe*v«««;y y^f 

[H8] *»WfcJ:5*ilS-&«©*4©iaS«SrSH-Wf 
®Ho 

ffiHo 

[HI 0] #*Wfc:J:5#£g«S«T?*«»6<0jlJI!i 
^Jtr^-TWffiHo 
[Hi 1 ] **MtciSJt-f ^-n^i^i'a V^fi-c? 

[*H§-©!ftW] 

11, 25, 211, 311, 411, 511, 70 
1, 801, 809, 813, 901 

13, 313, 513 iimmiwwn 

15, 315, 515, 715 R&m 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



